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(54) lUIULTILAYER LAiVlii^ATE AND USE 

(57) The present invention provides a multi-layer 
laminate comprising: 



(A) a layer formed from an ethylene/cycloolef in ran- 
dom copolymer wiiich is a copolymer of ethylene 
and a cycloolefin represented by a specific formula 
(e.g., tetracydododecene), or a layer formed from a 
cycloolefin resin which is a graft modified product of 
the etiiylene/cydoolefin random copolymer, or a 
layer formed from a cycloolefin resin composition 
comprising the cycloolefin resin and a polyolefin, 
and 

(B) a polymer layer having an oxygen permeability, 
as measured at 23 '^G and RH of 0 %, of not more 
tiian 10 cc(STP)*mm/m^»24lvatm; said multi- 
layer laminate having a moisture pemieabiiity of not 
more than 0.2 g«mm/m^*24hr*atm and an o?^- 
gen permeability of not more than 5 
cc(STP) • mm/m^ . 24hr • atm. This multi-layer lami- 
nate has excellent gas-t)arrier properties and high 
rigidity. The present invention also provides a pack- 
aging material £uid a film using the multi-layer lami- 
nate. 
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Description 

TECHNICAL FIEU 

s The present invention relates to multi-layer ianninates which comprise a cydoolef in resin layer and a polymer layer 
and have a low oxygen permeabiDty. The Invention also relates to uses of the multi-layer laminates. 

BACKGROUND ART 

10 Packaging materials for dally necessaries, general merchandise, foods, tablet drugs, etc. are required to have var- 
ious properties such as transparency, moisture resistance, heat-sealing properties, vacuum or pressure fbrmabllity and 
twist-wrapping properties. However, use of only one kind of a resin cannot meet these requirements. Therefore, multi- 
layer laminates each comprising a sheet or a film of a certain resin and a sheet or a film of other resin with different 
properties have been widely employed. Also in the field of packaging materials, recycling of raw materials or inclnera- 

IS Won of the packaging materials has been recently paid much attention. From this viewpoint, polyolefin resins tend to be 
preferably employed as the pad^ging materials. 

Of the polyol^in resins, cydoolefln resins are particularly suitable Ibr the packaging materials, because they have 
excellent transparency, moisture resistance, vacuum or pressure formability and dead fold properties and they can be 
recycled or incinerated without any problem. However, since the cydoolefin resins are amorphous, they rapidly soften 

20 at temperatures close to their glass transition temperatures to cause lowering of elastic modulus and strength. There- 
fore, the molding conditions in the processes of heat-«ealing, inflation and vacuum or pressure forming are restricted. 

Meanwhile, the packaging materials used for packaging foods are desired to have low oxygen permeability 
because the objects packaged by the packaging materials easily deteriorate when they are brought into contact with 
oxygen of air. The cydoolefin resins have excellent properties as the packaging materials, e.g., high moldability and 

25 trar^parency. However, in the uses where high oxygen barrier properties are required, for example. In the uses for fbod- 
packaging. they are desired to be further improved in these properties. 

Containers using thermoplastic resins are described in, for example, Japanese Patent Publication No. 
104732/1994 and Japanese Patent LakJ-Open PubGcation Na 1352/1984. These publications disclose laminating of an 
ethylene/vinyl alcohol copolymer (EVOH) and other thermoplastic redn, and the thermoplastic resins laminated 

30 together with the EVOH are. for example, polyesters such as PET and polyamldes such as nylon. Japanese Patent 
Laid-open Publication No. 293159/1993 disdoses a container made of a laminate of a resin and EVOH, and the resin 
used herein is a hydrogenation product of a ring opening polymer of a cydoolefin. 

It is an object of the present inventton to provide a multi-layer laminate which has excellent fbrmabllity. transpar- 
ency, interlaminar bond properties, moisture resistance, flexibility, tearability, heat-sealing properties and dead fbU 

36 properties and which is well-balanced between oxygen permeability arxJ transparency. It is another object of the inven- 
tion to provide a film, a sheet and a packaging material each of which Is fbrnied from the mutti-iayer laminate. 

DISCLOSURE O F THE INVENTION 

40 The multi-layer laminate of the invention conrprises: 

(A) a layer formed from at least one cyclool^in resin selected from the group consisting of 

(a-1) an ethylene/cycloolefin random copolymer comprising a cydoolefin represented by the following fonmila 
46 [1] or [2] and ethylene and 

(a-2) a graft modified product of the ethylene/cydoolefin random copdymer (a-1), or 

a layer formed from a cydodefih resin conposHion comprising at least one cydoolefin resin selected from 
the group consisting of the etf^ene/cydodefin random copolymer (a-1) and the graft modified product (a-2) and 
so (b) a polyolefin, 
and 

(B) a polymer layer having an oxygen permeability, as measured at a temperature of 23 and RH of 0 %, of not 
more than 10 cc(STP) • mm/m^ • 24hr • atm, 

65 said multi-layer laminate having a moisture permeability of not more than 0.2 g • mm/m^ • 24hr • atm and an oxy- 

g n pemneabflityof notmorethan5cc(STP)«mnVm^*24hr*atm; 
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wherein n is 0 or 1 ; m is 0 or a positive integer; q is 0 or 1 ; to R^^, R^ and R^ are each independently an atom or a 
group selected from the group consisting of a hydrogen atom, a halogen atom and a hydrocariDon group; R"^^ to R*^® 
may be bond^ to each other to form a single ring or plural rings each of which may have a double bond; R^^ and R*^^. 
or R**^ and R^® may form an alkylidene group; and when q is 0, the bonding hands are bonded to each other to form a 
20 five-membered ring; 
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wherein m is 0 or a positive integer; h is 0 or a positive integer; j and Rare each 0. 1 or 2; R^ to R^^ and R"^^ to R^® are 
each independently an atom or a group selected from the group consisting of a hydrogen atom, a halogen atom and a 
hydrocarbon group; and R^^ to R^^ are each Independently an atom or a group selected from the groiq) consisting of a 
f^rogen atom, a halogen atom, a hydrocarbon group and an alkoxy group. 

The multi-layer laminate of the Invention has a layer containing a cycloolefin resin and a polymer layer having low 
oxygen permeability, so that the laminate shows excellent formability, transparency, interlaminar bond properties, mois- 
ture resistance, flexibility, tearability, heat-sealing properties and dead fold properties. Besides, the multi-layer laminate 
has an advantage in that the laminate is hardly permeated by gasses, particularly o^^en. 

BEST MODE FO R CARHYING OUT THE INVEIMTIQN 

The muKi-iayar laminate of the present invention and uses thereof will be described In detail hereinafter. 
Rrst of all, resins for fbrming the multi-layer laminate of the invention are described. 

(k\ Cvdoolefln resin and cvdooleBn resin composition 



The cycloolefin re^n and the cycloolefin reein composition comprising the cycloolefin resin and a polyolefin (A), 
which are raw materials for forming one of the layers of the midti-layer laminate of the Invention, are described below. 
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The cydoolefin resin used In the Invention Includes: 

(a-1) a random copolymer of ethylene and a cycioolefin represented by the formula [1], and 
(a-2) a graft modified product of the random copolymer (a-1). 

The cycioolefin resin used in the invention has a softening temperature (TMA), as measured by a thermal mechan- 
ical analyzer, off usually not lower than -30 "C, preferably 0 to 180 **C. more preferably 50 to 180 **C. The softening tem- 
perature (TMA) 18 a temperature at which a quartz neecfie 1.0 mm In diameter, which is put on a sheet under a load of 
49 g, penetrates 0.635 mm into the sheet, when the temperature of the sheet is raised at a rate of 5 **C/niln. 

The cycioolefin resin has an intrinsic viscosity h]. as measured in decalin at 135 "C, of usually 0.01 to 10 di/g, pref- 
erably 0.05 to 2.0 dl/g, more preferably 0.4 to 1.2 dl/g. 

The cycioolefin resin has a glass transition point (Tg) of usually not lower than -30 *C, preferably -1 0 to 1 70 **C. and 
has a crystallinity. as measured by X-ray diffractometay, of usually 0 to 20 %, preferably 0 to 2 %. 

The cydoolefin used for forming the cydoolefin resin is described below. 

As the cycioolefin, a compound represented by the following formula [1] or [2] is employed. 




In the formula [1]. n is 0 or 1 , and m Is 0 or a positive integer. 

to R^®. R* and R^ are each independently an atom or a group selected from the group consisting of a hydrogen 
atom, a halogen atom Euid a hydrocarbon group. 

The halogen atom is fluorine, chlorine, bromine or iodine. 

Examples off the hydrocartx>n groups indude alM groups of 1 to 20 carbon atoms, halogenated alkyi groups of 1 
to 20 cart>on atoms, cycIoalKyI groups off 3 to 15 carbon atoms and aromatic hydrocarbon groups. More specifically, 
there can be mentioned: 

alkyi groups, such as methyl, ethyl, propyl, isopropyl. amyl, hexyl, octyl, decyl, dodecyl and octadecyi; 
halogenated alkyI groups, such as those wherein at least a part of the hydrogen atoms forming the above-exempli- 
fied alkyI groups are replaced with ffluorlne atoms, chlorine atoms, bromine atoms or iodine atoms; 
cydoalKyl groups, such as cydohsxyl; and 
arorratic hydrocartxm groups, such as phenyl and naphthyl. 

In the formula [1], R^^ and R^^ and R^^. R^^ and R^^ R^® and R^®, R^^ and R^®, or R^« and R^^ may be 
bonded to each other to form (in cooperation) a single ring or plural rings, and the single ring or the plural rings may 
have a double bond. 

Examples of such a single ring or such plural rings are described below. 
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In the above examples, the carbon atoms numbered with 1 or 2 are each a caibon atom to which R''^ (R^^ or R^^ 
(R^^ in the formula [1] is bonded. 

R**^ and R**^. or R*^^ and R^® may form an alkylidene group. The alkylidene group is usually an aikylidene group of 
2 to 20 carbon atoms. Examples of such alkylidene groups Include ethylidene, propylidene and isopropylidene. 

Of the cydoolefins represented by the formula [1], a cydoolefin represented by the following fbrmula [1-1] is pref- 
erable. 





ii-ij 



46 



In the fbrmula [1 -1] n, m and R*^ to R''^ have the same meanings as in the formula [1]. 
Also ennplpyabie as the cyclooiefin is a compound represented by the following formula [2]. 



so 
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[2] 



In the formula [2], m is 0 or a positive integer; h is 0 or a positive integer; j arKi k are each 0, 1 or 2; to R'^^ and 
R**^ to R''® have the same meanings as in the formula [1]; R**^ to R^^ are each independently an atom or a group 
selected from the group consisting of a hydrogen atom, a halogen atom, a hydrocartxm group and an alkoxy group. 

The halogen atom is the same halogen atom as in the formula [1]. 

Examples of the hydrocartx)n groups indicated by R"^^ to R^ m the formula [2] include alkyi groups of 1 to 20 car- 
bon atoms, halogenated alky! groups of 1 to 20 carbon atoms, cydoalkyl groups of 3 to 15 carbon atoms and aromatic 
hydrocarison groups. 

More specifically, there can be mentioned: 

alkyI groups, such as methyl, ethyl, propyl, isopropyl, amyl, hexy\, octyl, decyl, dodecyl and octadecyl; 
halogenated alkyI groups, such as those wherein at least a part of the hydrogen atoms forming the above-exenrpli- 
tied atkyi groups are replaced with fluorine atoms, chforine atoms, bromine atoms or iodine atoms; 
cydoalkyl groups, such as cydohexyl; and 

aromatic hydrocarbon groups, such as aryl groups and aralkyi groups, e.g., phenyl, tolyl, naphthyl, benzyl and phe- 
nylethyl. 

Examples of the alkoxy groups include methoxy. ethoxy and propcxy 

A cart>on atom to which R^"^ and R^^ are bonded may be linked to a carbon atom to which R^^ is bonded or a car- 
bon atom to which R^^ is bonded, directly or through an alkylene group of 1 to 3 carbon atoms. That Is, when the above- 
mentioned two carbon atoms are linked through an alkylene group, the groups indicated by R^^ and R^^ or the groups 
indicated by and R'^^ form in cooperation any alkylene group of a melh^ene group (-CH2-), an ethylene group (- 
CIH2CH2-) and a trimethylene group (•CH^CH2CH2-)- 

In case of J«k>=0, R^ and R^^, or R^and R^may be bonded to each other to tonn a single aromatic ring or plural 
aromatic rings. Examples of the single or plural aromatic rings in case of J^ksO Include the following groups wherein R^ 
and R^^ further form aromatic rings in cooperation. 
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in the above formulas, h has the same meaning as that of h in the formula [2]. 
Listed below are examples of the cydoolefins represented by the formula [1] or [2]. 

Bicyclo[2.2. 1]hepto-2-ene derivatives, 
Tetracyclo[4.4.0. 1 1 ^-3-dodecene derivatives, 
Hexacyclo[6.6.1 .1 ^'^.1 ^^•''^.O^ ^.o9.''4].4.heptadecene derivatives. 

Octacydol8.8.0.l2'9.1^.7.ll^ "'B^13.16 o3.8 o12.17j.5^Q^ 

PentacycIo[6.6.1 .1^'^0^'^.0®'^*]-4-hexadecene derivatives, 
Heptacydo-S-eicosene derivatives, 
Heptacydo-5-heneicosene derivatives, 
Tricyclo[4.3.0.1^'^-3-decene derivatives. 
Trrcyclo[4.4.0.1^'^-3-undecene derivatives, 
Pentacyclo[6.5. 1 . 1 ^'^.O^'^.o®- ^ ^]-4-pentadecene derivatives, 
Pentacyclopentadecadiene derivatives. 
Pentacyclo[7.4.0.1 1 ^•''^.0®'^^]-3-pentadecene derivatives. 
Heptacydo[8.7.0.1^'®.1^°'''^.1^2.i5Q2.7o^i.'»6]_4.gjgQse„Q derivatives, 

Nonacydo[10.9.1.1^'^1^3.20 115.18 o3,8o2jo 012.21 oi4.i9j.5^ertac^ 
Penta(^o[8.4.0.1 1 ®' ^.o®*"" ^]-3-hexadecene derivatives, 
Heptacydoia.8.ai*»^.1 1 ^^'^^.O^'®. 0^2,i7],5.heneicosene derivatives. 

Nonacydo[10J0.1.l5'«.1^4'21i16,19 Q2,11o4.9 013.22 Ql5.20j^|,gg^ 

1 ,4-Methano-1,4.4a,9a-tetrahydrcffluorene derivatives. 

1 ,4-Methano-1,4,4a.5.10.10a-hexahydroanthracene derivatives, and 

Cydopentadiene-acenaphthylene addition products. 

Listed below are more specific examples of the cydoolefins represented by the formula [1] or [2]. 
The bicyclo[2.2. 1]hept-2-ene derivatives such as: 




Bicyclo [2,2.1] hept-2-ene 




6-Methy Ibicyclo [ 2 • 2 . 1 J hept 
ene 




5/ S-DdLmethy Ibicyclo [2.2.1] 
hept-2-ene 
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1-Methylbicyclo [2 . 2.1] hept-2- 
ene 



C2H5 6-Ethylbicyclo[2.2.11hept-2- 

ene 



6-n-Buty Ibicyclo [2.2.1] hept- 
2-ene 



6-Isobuty Ibicyclo [2.2,1] liept- 
2*-ene 



7-Methy Ibicyclo [2 .2 . 1] hept-2- 
ene; 



the tetrocycio[4.4.0.1^'^.1 derivatives such as: 



m 

CH3 

C2H5 



Tetracyclo [4 . 4 . 0 . l2# 5 . i7,i0) - 
3-dodecener 



8-Methyltet:racyclo 

[ 4 . 4 . 0 . 12 r 5 . 17 , iO] -3-dodecene 



8 -Ethy It et racy c lo 

( 4 . 4 . 0 . l2# 5 . l7 , 10] -3-dodecene 
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8-Propyltetracyclo 

[4 . 4 . 0 . 12/ 5 . i7, 10] -3-cloclecene 



8-Butyltetracyclo 
10 / C4H9 [4.4.0.l2#5.l7ri0]-3-clodecene 

CH3 

IS LI /i /J— CH2CH 
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2S 




8-Isobutyltetracyclo- 

[4 . 4 . 0 . 12/ 5 . 17, 10] -3-dodecene 



8 -Hexy Itet racyclo 
[4.4.0,l2/5.i7,i0]-3-.clodecene 



8 -Cyclohexy Itet racyclo- 
Z::^ [ 4 . 4 . 0 . 12/ 5 . i7, 10] -3-dodecene 



8 -Steary Itetracyclo- 
[4.4.0.12.5.17,10] -3-dodecene 



5, 10-Dimethyltetracyclo- 
[ 4 . 4 . 0 • 12. 5 , 1?, 10] -3-dodecene 



2/ 10-Dimethy Itet racyclo- 
n \T \1 [4.4.0.l2/5.i7,i0]-3.dodecene 



55 
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8, 9-Diinethyltetracyclo- 

[ 4 . 4 . 0 . l2» 5 . 1?, 10 ] -3-dodecene 




8-Ethyl-9-methyltetracyclo- 
[4.4.0.l2r5.l7ri0] -3-dodecene 



11, 12-Dimethyltetracyclo- 
[ 4 . 4 . 0 . l2 » 5 . 1? , 10 J -3 -dodecene 




CH, 



2,1 f S-Trimethyltetracyclo- 
[ 4 . 4 . 0 . 12/ 5 . 1?, 10 ] -3-dodecene 




9-Ethy 1-2,7 - 
dimethyltetracyclo- 
[4 . 4 . 0 . 12/5 . 17, 10] -3-dodecene 




? 




CH3 



9-Isobutyl-2, 7- 

dimethyltetracyclo- 

[ 4 . 4 . 0 . l2. 5 . i7, 10] -3-dodecene 



9, 11, 12-Trimethyltetracyclo- 
[4.4,0.l2/5.i7,l0]-3_dodecene 
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CoH 



2"5 



CH3 CH3 cjj^ 
I 




CHCH3 



CH3 

CHCHj 
C2H5 

CHCH, 



CH(CH3)2 



C4H9 



CHCH3 



9-Ethyl-ll,12- 

dimethyltetracyclo- 

[4 • 4 . 0 . l2r 5 . i7, 10] -3-dodecene 



9-Isobutyl-ll/ 12- 

dimethyltetracyclo- 

[4 . 4 - 0 . l2/5 . i7, 10] .3-clodecene 



5,8r9/10" 

Tetramethyltetracyclo- 

[ 4 . 4 . 0 . 12# 5 . i7, 10] -3-dodecene 



8-Ethylidenetetracyclo- 

[4 . 4 . 0 • l2r 5 . i7, 10] -3-dodecene 



8-Ethylidene-9- 

methyltetracyclo- 

[4 . 4 . 0. 12# 5 . i7, 10] -3-dodecene 



8-Ethylidene-9- 

ethyltetracyclo- 

[4 . 4 . 0 . l2r 5 . i7, 10] -3-dodecene 



8-Ethylidene-9- 

isopropyltetracyclo- 

[ 4 . 4 . 0 . l2r 5 , 17, 10] -3-dodecene 



8-Ethylidene-9- 

butyltetracyclo- 

[ 4 . 4 • 0. l2 ' 5 . i7 , 10 ] -3-dodecene 
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SO 



CHCH2CH3 




CHCH2CH3 
C2H5 



CHCH2CH3 
CH (CH3) 2 



CHCH2CH3 
C4H9 



CHCH2CH2 



CH, 



CH3 



CH3 
CH3 
C2H5 

C-CH3 
I 

CH3 



8-n-Propylidenetetracyclo- 
[4.4.0.12.5.17,10] -3-dodecene 



8-n-Propylidene-9- 

methyltetracyclo- 

[4 . 4 . 0 . 5 . l7, 10] -3-dodecene 



8-n-Propylidene-9- 

ethyltetracyclo- 

[4 . 4 . 0 . l2 r 5 . 1?, 10] -3-dodecene 



8 -n -P ropy 1 idene- 9 - 

isopr opy 1 t e t r acy c 1 o 

[4 . 4 . 0 . l2#5 . 1?, 10] -3-dodecene 



8-n-Propylidene-9- 

butyltetracyclo- 

[4 . 4 . 0 . l2 r 5 . l^/ 10] -3-dodecene 



8-IsGpropylidenetetracyclo- 
[4 • 4 . 0 . l2r 5 . i7, 10] -3-dodecene 



8-Isopropylidene-9- 

methyltetracyclo- 

(4 . 4 . 0 . l2 * 5 . i7, 10 ] -3-dodecene 



8-Isopropylidene-9- 

ethyltetracyclo- 

[4 . 4 . 0 . 1^* 5 . l^r 10] -3-dodecene 
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SO 



CH (CH3) 2 8-Isopropylidene-9- 

isopropyltetra- 



cyclo [4 . 4 . 0 . 12/ 5 . i7, 10] -3- 
CH dodecene 



CH3 



8-Isopropylidene-9- 
butyltetracyclo- 
.CH3 [4.4.0. 12.5.17,10] ^3- 

15 ^^^^ I dodecene; 



CH. 



mx 



CSL 



Br 



30 n \ T \ 1 8-Fluorotetracyclo 

( 4 . 4 . 0 . l2. S . 1? , 10 ] -3-dodecene 



oox: 



8-Chlorotetracyclo 

[4 . 4 . 0 . 12/ 5 . i7, 10 J -3^dodecene 



8 -Bromo t et r acy c 1 o 

[ 4 . 4 . 0 . l2r 5 . 17 , 10 ] -3-dodecene 



8, 9-Dichlorotetracyclo- 

1 4 . 4 . 0 . l2r 5 . i7, XO] -3-dodecene 



the hexacydo[6.6.1.1^>^1^^'^^.0^'^.0^'^^-4-heptadecene derivatives sudi as: 




Hexacyclo 

[6.6.1.l3'6.l"'13.02.7.o9.1« 
-4 -heptadecene 



55 
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CH3 



2^5 




12-Methyihexacyclo 

[6.6.1,l^'^.l"'".02r7.09rl4] 

-4 -hept adecene 



12--Ethylhexacyclo 
[6.6.1.l3'6.ilOrl3.o2.7.oSrl4] 

-4 -hept adecene 



12-Isobutylhexacyclo 
[6.6.1.l3r6.ilOri3,o2#7.o5ri4i 

-4 -hept adecene 



1^ 6, lO-Trimethyl-12- 
isobutylhexacydo 
t6.6.1.l3'€.ll0'".o2r7.o5rl*) 
-4-heptadecene; 



the oclacycloIB.8.0.l2'3.l^'7.1^^'''®J^3'^®.0^»^.0^2»^^]-5<locosenederh« such as: 





Octacyclo 

[8 . 8 . 0 . l2# 5 . l4r 7 .lllr 18 . Il3r 16 . 

03, 8 . 0^2, 17 ] --s-docosene 



CH-a 15-Methyloctacyclo 

[8.8.0.12.9.14,7.111,18. 

Ii3, 16 . o3, 8 . 0^2, 17 ] -5-docosene 



2"5 



15"-Ethyloctacyclo 

[8. 8. 0.l2r9. 14,7.111,18^ 
113,16.03.8.012, 17] -5- 

docosene; 



the peritacyclo[6.6.1.1^*^.0^'^.0^'^^-4-hexadecene derivatives such as: 
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CH3 CH3 




CH3 CH3 



Mo 



Pentacyclo 

[6.6.1.l3r6.o2r7,05'"]-4 
hexadecene 



1, 3-Dimethylpentacyclo- 

[6,6.1.l3'fi.02r7.o5r"]-4 

hexadecene 



1/ 6-Dimethylpentacyclo- 
[6.6.1.l3#6.o2r7.o^.l4]-4 

hexadecene 



15/ 16-Diinethylpentacyclc 
[6.6.1.l3r6.o2r7.o»rl4]-4 

hexadecene; 



the hepacydo^-eicosene derivatives or heptacydo-S-heneicosene derivatives such as: 




Heptacyclo (8 . 7 . 0 . l2r 9 . i4, 
111,17. o3/8.o",l6j_5- 
elcosene; 



Heptacyclo [ 8 . 8 . 0 . l^r 9 . i** 
111,18. 03, 8. 012, 17 J _5_ 

henelcosene 



the tricyclo[4.3.0.l''^-decene derivatives such as: 
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Co 

CH3 

(Jo 



the tricycio[4.4.0.l''^-3-undecene derivatives such as: 



CH3 



Tricyclo [ 4 . 3 . 0 . l2# 5 j -3- 
decene/ 



2-Methyltricyclo 

(4 • 3 • 0 - 12# 5] -3_-decene 



5-Methyltricyclo 

[4 . 3 . 0 . 5 ] -3-decene/ 



Tricyclo [4 . 4 . 0 . l^r 5] -3- 
undecene 



1 0 -Me thy It r icyc lo 

( 4 . 4 . 0 • l^/ 5 ] -3-undecene 



the pentacyclo[6.5.1.1^-^.0^-^.0^'^^-4-pentadecene derivatives such as: 



Pent acyclo 1 6 . 5 . 1 . l3» ^ . 0^ 
q9, 13] -4-pentadecene 
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CH3 CH3 




CH3 CH3 



the diene derivatives such as: 



1, 3-Dimethylpentacyclo- 

[6.5-H3.6,02r7.o9rl3]-4- 

pentadecene 



1^ 6-Dimethylpentacyclo- 
[6.S.l-l3/6.02r7.o5rl3]-4- 

pentadecene 



14, 15-Dimethylpentacyclo 

[6.5.1.l3.6.02r7^09r3.3]-4- 

pentadecene; 



Pentacyclo(6.5.1.l3/6.o2r7. 
q9, 13] -4, 10-pentadecadlene; 



the pentacyclo[7.4.0.1^'^.l®'''^.0®'''®]-3-pentadecene derivatives such as: 



OCO) 

CK 



Pentacyclo 

[7.4.0.l2r5.i9,12.o8#"]«3- 
pentadecene 



Methyl-substituted 
pentacyclo 

[7.4.0.l2r5.i9,12.o8rl3]-3- 
pentadecene; 



the hepta(yc!o[a7.0.1^'®.1 ^Q-"*^.! ^^.is qZ.t oii.'»6i-4-eicosene derivatives such as: 
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Heptacyclo [ 8 . 7 . 0. l^' « . l^^* 17 . 
112, 15 . 02/ 7 . oil/ 16] -4-eicosend 



CH3 CH3 Dimethyl-substituted 
(..x^L heptacyclo- 
^ [8.7.0,l3'«.llO'l'^.ll2,l5. 

02,7 , Qii, 16] -4-eicosene; 



the nonacydo[10.9.1.1^'^.1^®'^^.1^®'''^0^'® 02'"'°.0^2'2^0^*'^^-5i3ente^ derivatives such as: 



Nonacy clo [ 10 . 9 . 1 . 1 . Ii3' 20 , 
ll5,18o3/ 8.02/ 10.012,21. 

0l4/ 19] -5-pentacosene 



CH3 CH3 Trimethyl -subs tit uted- 

I ^x>s^ ^x^l^ nonacyclo- 

[10.9.1.l4'7.l"'20. 

lis, 18 03/ 8. 02,10. 012, 21. 
l^^J^ Ql** I9j -5-pentac6sene 



CH 



3 



the pentacyclo[8.4.0.1^-'.l''^^.0^'^^-3-hexadecene derivatives such as: 



2 J 14 j3 12 



Pentacyclo [8.4.0.12/5. 
l9, 12 . qB, 13] -3-hexadecene 



7^ 9 



OCOx 
OOOT 

003: 



CH3 11-Methylpentacyclo 

[8. 4. 0.12/5. 19, 12. Qfi'"] -3. 

hexadecene 



C,H< 1 1 -Ethy Ipent acy c lo 

^ ^ [8.4.0.l2'5.i9,12,o8rl3]-3- 
hexadecene 



CH3 10, 11-Dimethylpentacyclo 

[8.4.0.l2r5,l9,12.08rl3]-3- 

CH. hexadecene; 



the hepacydoI8.8.0.1^'^.1 ''^•''®.0®'®.0^^'^^]-5-heneicosene derivatives such as: 
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Heptacyclo 

I8.8.0.l4»''.lii'". 
113,16. o3r8. 012,17] _5_ 

heneicosene 



15-Methylheptacyclo 
[8.8.0.l4»7.xii,i8.ii3,i6. 

03, 8 . 0^2, 17] -5 -heneicosene 



Tr imethy 1 -heptacyclo 

[8. 8. 0.14'''. 111.". 
113, 16 . o3, 8 , 012, 17] _5- 

heneicosene; 



the nonacydofl0.l0.l.lS'8.1^*'?\l'^'i3.o2'i\o*'9 0^3,22 oi5,20]^a„g(^anader^^ 




12^ 14^^16 



18 Nonacyclo [ 10. lO.l.lSf 8.114,2 
116, 19 . o2, 11 , 9 . 0l3'22 . 

17 0^^'^*^]-6-hexacosene 



and furthermore, 
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1 

2 




3 

4 



o 




5-Phenyl-bicyclo [2.2.1] hept- 
2-ene 



5-Methyl-5-phenyl- 
-bicyclo-(2 .2.1] -hept-2--ene 



S-Benzyl-bicyclo [2.2.1] hept- 
2-ene 



5-rolyl-bicyclo [2.2.1] hept- 
2-ene 



5- (Ethy Ipheny 1 ) - 
bicyclo [2.2.1] hept-2-ene 



CHa S- ( Isopropylphenyl ) - 

I bicyclo [2.2.1] -hept-2-ene 

CH 

I 

CH, 
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10 




1, 4-Methano-l, 4, Aa, 9a- 
tetrahydro-fluorene 



1/ 4-Methano-l, A, 4a, 5/ 10, 10a- 
hexahydro anthracene 



IS 



20 



25 



30 



35 



40 



46 



SO 




5-(a-Naphthyl)- 

bicyclo £2 • 2 • 1] hept-2-ene 



Cy clopent a diene - 
acenaphthylene adducts 



5- (Anthracenyl) - 
bicyclo [2.2. 1] hept-2-ene 



5- (Biphenyl) -bicyclo [2 .2 .1] 
hept-2-ene 



5- (p-Naphthyl) - 

bicyclo [2.2. 1] hept-2-ene 



5-(a-Naphthyl)- 

bicyclo [2.2 . l]hept-2-ene 



55 
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10 



IS 



20 



SB 



30 



35 



40 



4S 



60 





CH3 



CH2CH3 



mm 



CH3 

CH 
I 

CH3 




5- (Anthracenyl) - 
bicyclo [2.2.1] hept-2-ene 



S-Phenyltetracyclo 

[ 4 . 4 . 0 . l2 r 5 1? , 10 ] -3-dodecene 



B -Methyl -8 -phenyl-tetracyclo 
[4 . 4 . 0 • I2r5 . 1?, xo] -3-ciodecene 



8-Benzyl-tetracyclo 

[4.4.0 .l2#5,l7,i0] -3-dodecene 



B-Tolyl-tetracyclo 

[4 , 4 . 0 . l2r 5 . i7, 10] -3-dodecene 



8- (Ethylphenyl) -tetracyclo 
[4 . 4 . 0 . l2/5 . l^r 10 ] -3-dodecene 



8- (Isopropylphenyl) 
tetracyclo [4 . 4 . 0 . l2# 5 . i7, lOj 
-3-dodecene 



8, 9-Diphenyl-tetracyclo 

[ 4 . 4 • 0 . l2 / 5 . 1?^ 10 ] -3-dodecene 



8- (Biphenyl) -tetracyclo 

[4 . 4 . 0 - l2f 5 . i7, 10] -3-dodecene 



55 
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10 



IS 



20 



S5 



30 



3S 



40 



.46 




3 1 



13 12^ 




6 'T'lS"" 

^ 1 14"l2 




8- (p-Naphthyl) -tetracyclo 
[4 • 4 . 0 . l2r 5 , 17, 10] -3-dodecene 



8- (a-Naphthyl) -tetracyclo 
[ 4 . 4 . 0 . 12 r 5 . 1? , a 0 J - 3-dociecene 



8- (Anthracenyl) -tetracyclo 
[4 . 4 . 0 . 12r s . l^r 10] -3-dodecene 



Compound of cyclopentadiene- 
acenaphthylene adducts with 
cyclopentadiene further 
added 



11, 12-Benzo-pentacyclo 
[6.5.1.l3.6.o2,7.o9rl3i- 

4 -pent adecene 



11/12-Benzo- 
pentacyclo 

[6. 5.1. 13r6. 02,7^09'"]- 
4-hexadecene 



1 1 -Phenyl -hexacy cl o 
[6.6.1.l3'«.l"'".02/7.o^*"l 
-4 -hept adecene 



60 




14, IS-Benzo-heptacyclo 
[8.7.0.12.9.14,7,111,17,03,8. 

0i2, 16] -5-eicosene 



55 
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5, 6-Diphenyl-bicyclo [2.2.1] 
hept-2-ene 



Cyclopentadiene- 
acenaphthylene adducts 



1, 4-Methano-l/ 4, 4a/ 9a- 
tetrahydro-fluorene 



1/ 4-Methano-l/ 4, 4a, 5, 10, 10a- 
hexahydroanthracene 



4 5 € 



The cycloolef ins represented by the formula [1] or [2] can be prepared by the Diels-Alder reaction of c/dopenta- 
dienes with olefins having the corresponding 8tructure& 

The cydooleftns can be used singly or In combination of two or more kinds. 

The cycloolef in resins (a-l) to (a-3) employable in the invention can be prepared using the cydoolefins represented 
by the formula [1] or [2] under the properly selected conditions In accordance with, for example, the processes proposed 
by the present applicant in Japanese Patent Laid-Open Publications No. 168708/1985. No. 120816/1986, No. 
115912/1986. No. 115916/1986. Na 271308/1986. No. 272216/1986, No. 252406/1987. No. 252407/1987. No. 
106/1989, No. 156308/1989 and Na 19751 1/1989. 

(a-1) Ethylene/cydoolefin random copolymer 

In the ethylene/cydoolefin random copolymer (a-1) used as the cydoolefin resin in the invention, the constituent 
units derived from ethylene are contained in amounts of usuedly 52 to 90 % by mol, preferably 55 to 80 % by mol, and 
the constituent units derived from the cydoolefin are contained in amounts of usually 10 to 48 % by mol. preferably 20 
to 45 % by mol. The contents of the ettiyiene units and the cydoolefin units can be measured by 

In the ethylene/cydoolefin random copolymer (a-1), the constituent units derived from ethylene and the constituent 
units derived from the cydoolefin are anranged at random and combined to form a substantially linear structure. The 
substantially linear and substantially crosslinked gel-free structure of this copolymer can be confirmed by the fact that 
the copolymer is dissolved in organic solvents and contains no insoluble component. For example, the above-men- 
tioned structure can be confirmed by the fact that the copolymer Is perfectly dissdved in decalin at 135 ''C in the later- 
described measurement of the intrinsic viscosity [ti] of the copolymer. 

In the ethylene/cydodefin random copolymer (a-1) used in the invention, at least a part of the constituent units 
derived from the cydodefin represented by the formula [1] or ^ are considered to have a structure represented by the 
following formula [1 -a] or [2-a]. Further, at least a part of the cydoolefin represented by the formula [1 -1] preferably used 
in the invention is considered to have a stmcture represented by the following formula [1-1 -a]. 
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ll-a] 




(CH2)h 



R** R*' 


1 ) — ( 


1 


-<o) 


HrM 




1 

J 



,19 



R20 



[2-al 




d-l-a] 



In the formulas [1-a] and [i-i-a], n, m, q, R'' to R''^, R° and have the same meanings as in the fomuila [1]. In 
the formula I2-a], m, h. j, K to R''^ and R''^ to R^^ have the same meanings as in the formula [2]. 

In the ettiylene/cydooiefin random copolymer (a-1) used in the invention, constituent unitsderived from ofher copo- 
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lymerizable monomers may be contained. If necessary, within limits not prejudicial to the objects of the invention. 

Examples of the monomers include olefins other than ethylene and the above-mentioned cycioolefins, norbornenes 
and nonconjugated dlenes. More specifically, there can be mentioned: 

5 o-olefins of 3 to 20 carbon atoms, such as propylene, 1 -butene. 1 isentene, 1 -hexene, a-methyl-l -butene. 3-methyl- 
1-pentene, 3-ethyl-1-pentene, 4-methyl-1-pentene, 4-methyl-1-hexene, 4,4-dimethyl-1-hexene. 4,4-dimethyl-1- 
pentene. 4-ethyi-1-hexBne. 3-ethyl-1-hexBne, 1-octene. 1-decene. l-dodecene. 1-tetradecene. 1-hexadecene. 1- 
octadecene and 1 -eicosene; 

cydoolefins, such ascydobutene, cydopentene, cyclohexene. 3,4Klimethylcyclopentene, 3-methylcyclohexene, 2- 
10 (2-methylbutyl)- 1 -cyclbhexene. cydooctene and 3a.5.6.7a-tetrahydro-4,7-methano-1 H-indene; 

noibornenes, such as 2-norbomene, 5-methyl-2-nort)ornene, 5-e1hyl-2-norbornene, 5-isopropyi-2-norbomene. 5- 
~ ~ h-butyl-2-norbdmene, 5-tsobutyi-2-ndrbornene. 5.6<limethyt-2-norbornener5-chloro-2-norbornene and 54luoro-2- 
norbomene; and 

nonconjugated dienes. such as l,4-h6xadiene, 4-methyl-1,4-hexadiene. 5-methyl-1.4-hexadiene, 1,7-octadlene, 
IS dicydopentadiene. 5-ethylidene-2-norbornene and 5-vinyl-2-norbornene. 

These monomers can be used singly or In combination of two or more kinds. 

In the ^hylene/cydoolefin random copolymer (a-1), the constituent units derived from the other monomers may be 
contained in amounts of usually not more than 20 % by mol, preferably not more than 1 0 % by mol. 

20 The ethylene/cyctoolefin random copolymer (a-1) for use in the invention can be prepared using ethylene and the 
cydoolefin represented by the fbrntula [1] or [2] in accordance with the processes disclosed in the aforesaid publica- 
tions. Aba^e all, it is preferable to prepare the ethylene/cycloolefin random copolymer (a-l) by a process in which the 
copolymerization is earned out in a hydrocartxm solvent, using, as catalyst, either a vanadium catalyst formed from a 
vanadium compound soluble in the hydrocaibon solvent and an organoaluminum compound, a titanium catalyst formed 

25 from a titanium compound and an organoaluminum compound or a zirconium catalyst formed from alumlnoxane and a 
zirconium complex having as a ligand a multtdentate coordination compound wherein at least two conjugated cydoalka- 
dienyl groups are linked through a lower alkylene group. 

fa-S) eraft modffied proAict 

30 

The graft modified product (a-2) of a cydoolefin resin used in the invention is otitained lay graft nxxiifying a part of 
the ethylene/cydoolefin random copolymer (a-1) with a modifier. 

Examples of the modifiers used herein Indude unsaturated cart)Qxyiic adds, anhydrides of these adds such as 
maleic anhydride, and derivatives of alkyl esters of unsaturated caridoxylic adds. 
35 In the graft modified product employatsle as the cydoolefin resin in the invention, the content of the constituent units 
derived from the modifier is usually not more than 1 0 % by mol. 

The graft modified product of a cydoolefin resin can be prepared by blerxjing a cydoolefin resin with a modifier to 
perfbrm graft polymerization In such a manner that the desired degree of modification is obtained, or It can be prepared 
by previously preparing a modified product having a high degree of modification and mixing the modified product and 
40 an unmodified cydoolefin resin. 

The cydoolefin resin for use in the invention is selected from the group consisting of the ethylene/cydooiefin ran- 
dom copolymer (a-1) and the graft modified produd (a-2). A mixture of two or more kinds thereof is also employable. 

Of these, the ettiyfene/toydoolefin random copolymer (a-1) is preferably employed as the cydoolefin resin in the 
Invention. 

46 

Cydoolefin resin compositlQn 

The muHi-ls^r laminate of the invention may be a laminate of (A) a layer formed from the cydoolefin resin and (B) 
a polymer layer feving the later-described specific oxygen pemieabillty, but the cydoolefin resin layer (A) may be 
50 fbrm^ from a cydoolefin resin composition. 

That is. this cydoolefin resin composition layer is formed from a composition comprising at least one cydoolefin 
resin seilected from the group consisting of the ethylene/cydooiefin random copolymer (a-1) and the graft modified 
product (a-2) and (b) a pdyolefin. 

As the polyolefin (b). a (co)polymer of an a-olefin of 2 to 20 carbon atoms Is usually employed. 
55 Examples of the a-olefins of 2 to 20 carbon atoms include ethylene, propylene. 1 -butene. 1 -pentene, 1 -hexene, 3- 
methyl-1 -butene. 3-methyl-1 -pentene, 3-ethyl-1i3entene, 4-methyl-1 -pentene, 4-methyl-1 -hexene, 4.4-dimethyl-1 -hex- 
ene, 4,4-dlmethyl-1 -pentene, 4-ethyl-1 -hexene, 3-ethyl-1 -hexene, 1-octene, 1-decene. 1-dodecene, 1-tetradecene, 1- 
hexadecene. 1 -octadecene and 1 -eicosene. 

The polydef in (b) used in the invention may be a homopolymer of the a-olefin or a copolymer of two or more kinds 
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of the a-olef ins. 

In the polyolefin (b), the a-olefins mentioned above may be copolymerized with other monomers such as n r- 
bornenes and noncorjugated dienes, as far as the properties of the polyolefin are not marred. Examples of the other 
monomers include: 

5 

cycloolefins, such as cydobutene. cyclopentene, cyclohexene, 3,4-dimethylcyclopentene, 3-methylcyclohe)«ne, 2- 
(2-methylbijrtyl)-1-cyclohexene. cyclooctene and 3a.5,6.7a-tetrahydro-4,7-methano-1H-indene; 
norbornenes. such as 2-norbornene, 5-methyl-2-nortx)rnene. 5-ethy!-2-norbomene, 5-isopropyl-2-norbomene, 5- 
n-butyl-2-norkx>rnene. 5-isobutyl-2-norbornene. 5,6-dimethyl-2-norbornene, 5-chloro-2-norbornene and 5-fluoro-2- 
10 norfoornene; and 

nonconjugated dienes, such as 1.4-hexadiene, 4-methyl-1 ,4-hexadiene, 5-methyl-1,4-hexadiene, 1,7-octadlene, 
dicyclopentadiene. 5-ethylidene-2-norbornene and 5-vlnyl-2-norbornene. 

These monomers can be used singly or in combination of two or more l(inds. 
IS In the present invention, the polyolefin (b) is preferably polyetiiylene and/or polypropylene. 

When the polyolefin (b) is polyethylene, this polyethylene may be a homopolymer of ethylene or a copolymer of eth- 
ylene and other a*olefin. 

For example, if the polyolefin (b) is polyethylene, an ethylene homopolymer or an ethytene/a-olef in copolymer hav- 
ing m ettiylene content of not less than 60 % by mol, preferably not less than 70 % by moi, each of which has a density 
20 of usually not less than 0.830 g/cm^, preferably 0.87 to 0.94 g/on^, a melt flow rate at 1 90 °C of usuaDy 0.01 to 100 g/10 
min, preferably 0.03 to 50 g/10 min, and a Vicat softening point of usually 50 to 1 40 **C, preferably 80 to 130 ""C, is used 
as the polyethylene. 

Examples of the a-olefins copolymerizable with ethylene include a-olefins of 3 to 1 4 carbon atoms, such as propyl- 
ene. 143utene. 1-pentene, l-hexene^ 3-methyl-1-butene, 3-methyl-1-pentene, 3*6thyl-1-pentene, 4-metiiyh1-pentene, 
25 4-methyl-1-hexene, 4,4-dlmethyl-1-hexene. 4,4-dim6thyi-l-pentene, 4-efliyl-l-hexene, S-etiiyl-l-hexene, 1-octene, 1- 
decene. 1-dodecene and 1-tetradecene. Of these, a-olef ir» of 3 to 10 cait>on atoms are preferat^y employed. 

When the polyolefin (b) is polypropylene, this polyprqsylene may be a homopolymer of propylene or a copolymer 
of propylene and other a-olef in. 

if the polyolefin (b) is polypropylene, a propylene homopolymer or a propylene/a-olefin copolymer having a propyl- 
30 ene content of not less than 70 % by mol. preferably not less than 80 % by mol. each of which has a density of usually 
not less than 0.85 g/cm^. preferably 0.89 to 0.91 g/cm^, a melt flow rate at 230 **C of usually 0.01 to 100 g/10 min, pref- 
erably 0.05 to 100 g/10 min, and a Vicat softening point of usually 100 to 170 ^C, preferably 1 10 to 160 °C, is used as 
the polypropylene. 

E)^imples of the a-olefins copolymerizable with propylene include a*oieftns of 2 to 14 carbon atoms (excluding prb- 
35 pyiene), such as etiiylene, 1-butene. 1-pentene, l-hexene. 3-methyl-1-butene, 3-mefliyl-1-pentene, 3-etiiyl-1-pentene, 
4-mettvl-1-pentene, 4-methyl-1-hexene, 4,4-dimethyl-1-hexene. 4.4-dimetiTyl-1-pentene. 4-etfiyl-1-hexene, 3-ethyl-1- 
hexene. 1-octene. 1 -decene, 1-dodecene and 1-tetradecene. Of these, a-olefins of 2 to 10 carbon atoms (excluding 
propylene) are preferably employed. 

The polyolefin (b) may be a graft modified product. Examples of the nxxiif iers used herein include unsaturated car- 
40 boxylic acids, anhydrides of these adds such as maleic cuihydride. and derivatives of alkyl esters of unsaturated car- 
boxylic acids. 

When the polyolefin (b) is a graft modified product, the content of the constituent units derived from the modifier in 
the polyolefin Qo) is usually not more than 10 % by mol. 

The graft modified product can be prepared by blending a polyolefin witti a modifier to perform graft polymerization 
46 in such a manner that the desired degree of modification is obtained, or it can be prepared by previously preparing a 
modified product having a high degree of modification and mixing the modified product and an unmodified polyolefin. 

The cycloolefin resin composition can be prepared from the polyolefin and the cycloolefin resin by mixing them in 
accordance with known methods. For example, those components are mixed by means of a Henschel mixer, a V- 
blender. a ribbon blender, a tumbling blender or the lil<e. Or, after mixing, ttie resulting mixture is further melt Ivieaded 
so by means of a single-screw extruder, a twin-screw extruder, a Kneader or the lilce. fbllowed by granulating or pulverizing 
the kneadate. 

To the cydoolefin resin or cycloolefin resin composition (A) used in the invention, rubber components to improve 
impact strength, other resin components, heat stabilizers, weatiiering stabilizers, light stabilizers, antistatic agents, slip 
agents, anti-blocking agents, anti-fbgging agents, nucleating agents, lubricants, dyes which absorb only the lights of 
ss specific wavelength, pigments, natural oils, synthetic oils, waxes and light transmitting fillers may be added within limits 
not prejudicial to the objects of the invention, in addition to the components (a-l), (a-2) and (b). 

Ej^unpies of the stabilizers optionally added indude phenol antioxidants, such as tetrakis[methylene-3(3,5-di-t- 
t)utyl-4-hydrQxyphenyl)proplonate]melhana alkyl ester of p-(3,5-di-t-butyl-4-hydrGKyphenyl)propionicacid and 2,2*-oxa- 
midol3t8[ettiyl-3-(3,5KJi-t<43utyl-4-hytJraxyphenyl)propi6^ metallic salts of tatty adds, such as zinc stearate and cal- 
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cium salts of fatty acids (e.g.. calcium stearate and calcium 12-hydraxystearate); and l^tty acid esters of polyhydric 
alcohiols. 

These stabilizers may be added singly or in combination. For example, a combination of tetrakis[methylene-3(3,5- 
di-t-butyl-4-hydrQxyphenyl)propionate]methane, zinc stearate and glycerol monostearate is enployable. 

In the present invention, it is preferable to use phenol antioxidants and fatty acid esters of polyhydric alcohols in 
combination. Examples of the fatty add esters of polyhydric alcohols include those wherein a part of alcoholic hydrc»^ 
groups of the tri- or more-valent polyhydric alcohols are esterif ied. 

Examples of the fetty acid esters of polyhydric alcohols include: 

fetty acid esters of glycerol, such as glycerol monostearate, glycerol monoiaurate, glycerol monomyristate, glycerol 
monopalmitate. glycerol distearate and glycerol dilaurate; and 
~ fetty add esters of pentaerythritbi,~such as pentaerythritd monostearate. pentaerythritol nnonolaurate. pentaeryth- 
ritol distearate and pentaerythrHol tristearata 

These esters may be used singly or in combination. 

The phenol antioxidant is used in an amount of usually less than 1 0 parts by weight, preferably less than 5 parts by 
weight, more preferably less than 2 parts by weight, based on 100 parts by weight of the total of the essential conpo- 
nents. The fatty acid ester of polyhydric alcohol is used in an amount of usially less than 10 parts by weight, preferably 
less than 5 parts by weight, based on 100 parts by weight of the total of the essential components. 

f B) PolYmw layy of I w 9Ky«n PQrmetftyiitY 

The multi-iayer laminate of the invention is a laminate comprising (A) a layer formed from the cydoolefin resin or 
the cydoolefin resin composition and (B) a polymer layer having a specific oxygen permeability. 

The polymer layer (B) needs to have an oxygen permeability, bs measured at a temperature of 23 ^'C and RH of 0 
%, of not more than 1 0 cc{STP) • mm/m^ • 24hr • atm. and ttie oxygen permeability of the polymer layer (B) is preferably 
not more than 1 cc(STP) • txmfvr? • 24hr • atm, more preferably not more than 0.1 cc(STP) • mm/m^ • 24hr • atm. 

The polymer layer having an oxygen permeability in tiiis range can be formed from various resins. Examples of the 
resins for forming tiie polymer layer (B) include an ethyleneAnnyl alcohol copolymer (EVOH), polyacrylonitrile (PAfsQ, 
polyvinyl chloride (PVDC) and cellophane. In the invention, the polymer layer Is preferably formed from the ettiyl- 
eneAnnyl alcohol copolymer (EVOH) or cellophane. 

The ethyldne/vinyl alcohol copolymer (EVOH) used in the invention is preferably a copolymer having a saponifica- 
tion degree of 90 to 100 %, which is obtained by saponifying an etiiyleneArinyl acetate copolymer having an ethylene 
content of 15 to 60 % by md. An ethyleneArinyl alcohol copolymer having an ethylene content of less than 1 5 % by mol 
is sometimes difficult to mold it because His molding temperature is dose to its decomposition temperature, if the ethyl- 
ene content exceeds 60 %t>y mol, resistance to gas permeation and mechanical properties, which are excellent char- 
acteristics of an ettiyleneAnnyl alcohol copolymer, deteriorate and the resulting laminate does not exert effects of the 
laminated structure. An ethyieneArinyl cUcohd copolymer having a saponification degree of less ttian 90 % sometimes 
show poor mechanical properties, dl resistance and water resistance, so that the ettiyiene content in tiie ethylene/Vinyl 
alcohol copolymer (EVOH) is usually determined within tiie above-mentioned range. The ethyleneArinyl alcohol copol- 
ymer (EVOH) has an oxygen permeability of usually not more than 1 0 cc{STP) • mnVm^ • 24hr • atm, and tiierefbre this 
copolymer is suitable for forming the multi-layer laminate of ttie invention. 

The cellophane preferably used is one having a regenerated cellulose content of not less than 65 %. 

To the polymer layer (B) of tow oxygen permeability, other various components, such as rubber components to 
improve impact strength, other resin components, heat stabilizers, weathering stabilizers, light stabilizers, antistatic 
agents, sUp agents, anti-bloddng agents, anti-fogging gents, nudeating agents, lubricants, dyes which absorb only tiie 
lights of specific wavelength, pigments, natural oils, synttietic oils, waxes and light transmitting fillers, may be added 
witiiin limits not prejudicial to tiie objects of the invention. 

Multi-laver laminate 

The multi-layer laminate of the invention is a laminate of (A) tiie layer of the cydoolefin resin or the cydoolefin resin 
composition and (B) the pdymer layer. The laminate can take any optional lanrtinating structure, such as: 

polymer layer (B)/cydoolefin resin (composition) layer (A)ypolymer layer (B): 

cydoolefin resin (composition) layer (A)y|polymer layer (B)/cycloolefin resin (composition) layer (A); or 

polymer layer (B)/cydoolefin resin (composition) layer (A). 

Hie mutti-iayer laminate of tiie invention comprising the layer (A) and the layer (B) has an oxygen penneability of 
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not more than 5 cc(STP) • mm/m^ • 24hr • atm, preferably not more than 1 cc(STP) • mm/m^ • 24hr • atm, more prefera- 
bly not more than 0.5 cc{STP) • mm/m^ • 24hr • atm. 

A layer of polyolefin such as polyethylene or polypropylene can be further lanvnated as the outermost layer of the 
laminate of the invention to improve heat-sealing properties of a molded product in the form of sheet or film. 

5 In the multi-layer laminate of the invention, the thickness of the cydoolefin resin (composition} layer (A), and the 

thickness of the low-oxygen permeability polymer layer (B) can be properly detemilned In consideration of uses of the 
multi-layer laminate, but in general, the thickness of the cydoolefin resin (composition) layer (A) is in the range of 1 ^m 
to 10 mm, and the thickness of the kTw-oxygen permeability polymer layer (B) is In the range of 1 pm to 10 mm. The 
total thickness of the multi-layer laminate of the invention is generally In the range of 2 jim to 20 mm, though it varies 

10 depending on the uses of the laminate, the number of the laminated layers, etc. 

The cydoolefin resin (composition) layer and the low-oxygen permeability polymer layer (B) can be laminated 
together without using any adhesive. For example, they can be laminated in accordance with the methods convention- 
ally used for forming multi-layer laminates, specifically, co-extrusion methods such as a multi-layer T-die method, a 
multi-layer Inflation method and an extrusion laminating metiiod. The cydoolefin resin (composition) layer (A) and the 

IS low-oxygen permeal)ility polymer layer (B) show good adhesion therebetween, so that it is unnecessary to use any 
adhesive. However, if the resin for forming the layer (A) and the resin for forming the layer (B) have low affinity for each 
other, those layers can be laminated by using an adhesrva 

The adhesive preferably used In the invention is. for example, a low-crystalline to non-crystalline soft copolymer or 
a soft copolymer composition containing the soft copdymer. 

20 As the low-crystalline to non-crystalline soft copolymer, an adhesive resin composition containing modified polyole- 
fin or unsaturated polyolefin is employable. The modified polyolefin is prepared from an ethylene/a-olefin random copol- 
ymer having a melt flow rate (f^FR), as measured in accordance witii ASTM D 1238L. of usually 0.1 to 50 g/10 min. 
preferably 0.2 to 20 g/10 min, a density of usually 0.850 to 0.900 g/cm^, preferably 0.855 to 0.895 g/cm^, an ethylene 
content of 30 to 95 % by mol, preferably 40 to 92 % by mol, a crystallinity, as measured by X-ray diffractomefay, of usu- 

25 aDy not more than 40 %, preferably not more than 30 %, and a melting point, as measured In accordance with ASTM D 
341 8, of usually not higher than 1 00 ""C. 

In the present invention, the low-cry^alline to non-crystalline soft copolymer can be used alone as the adhesive, or 
it can be used after mixed with a taddf ier or the like. 

As the taddf ier, an aliphatic hydrocaibon resin and/or an alicydic hydrocarbon resin obtained by hydrogenating an 

30 aromatic tiydrocarbon resin Is employable. Particidarly, an aiicycfic hydrocarbon resin having a softening point, as 
measured by a ring and ball metiiod, of usually 105 to 150 ''C, preferably 1 10 to 140 **C, and a hydrogenation degree 
of aromatic ring of usually not less than 80 %, preferably not less than 85 %. is enployed. In this case, the ettiylene/a- 
olef In copolymer Is used in an amount of 60 to 98 % by weight, and the aliphatic hydrocarbon resin and/br the alicydic 
hydrocart>on resin is used in an amount of 2 to 40 % by weight 

3s The low-crystalline to non-crystalline soft copolymer can be blended with modified polyethylene. The modified pol- 
yethylene has a graft amount of the unsaturated cart>oxylic acid or its derivative d 0.01 to 10 % by weight, preferably 
0.1 to 5 % by weight, a density of 0.905 to 0.98 g/cm^, preferably 0.920 to 0.970 g/cm^, and a crystallinity, as measured 
by X-ray diffractometry, of not less than 45 %, preferably 50 to 80 %. In order to prepare the modified polyethylene, an 
ethylene homopolymer or an ethylene copolymer each having a mdt fbw rate (MFR. ASTM D 1238E) of 0.001 to 100 

40 g/10 min. a density of 0.905 to 0.980 g/cm^, and a crystallinity, as measured by X-ray diffractometry, of not less than 45 
% may be employed. 

Examples of the unsaturated cart)Qxylic adds and their derivatives used for the modification include unsaturated 
carboxylic acids, such as acrylic acid, maleic add, fumaric acid, tetrahydrophthalic add, itaconic add, dtraconic add, 
crotonic add, isocrotonic add and Nadic acid^ (endocis-bicydo|2,2,1]hepto-5-ene-2.3-dicarbaxylic acid); and deriva- 
4S fives of these acids, such as malenyl chloride, maleimide, maleic anhydride, dtraconic anhydride, monomethyl maieate, 
dimethyl maieate and glycldyl maieate. Of tiiese, preferable are maleic add. Nadic acid^ and anhydrides thereof. 

The modified polyethylene Is used in an amount of usually 0.1 to 99 % by weight based on 100 parts by weight of 
the low-crystalline to non-crystalline soft copolymer. 

The soft copolymer composition may be a blend of the akxyve-mentioned ethylene/a-olefin random copolymer and 
so an ethy1ene//inyl acetate random copolymer and/or an ethyleneAnnyl alcohol random copolymer. In this case, it is pre- 
ferred that the ethylene/a-olefin random copolymer is used in em amount of 60 to 98 % by weight, and the ethylene/vinyl 
acetate random copolymer and/or tiie ethytene/vinyl alcohd random copolymer is used in an amount of 2 to 40 % by 
weight 

The multi-layer laminate of the Invention can be prepared by various methods, for example, co-extruslon methods, 
55 such as multi-layer T-die method, multi-layer inflation and extrusion laminating method: multi-layer sheet- or film-forming 
methods conventionally known, such as wet laminating method and dry laminating method: blow metiiods. such as 
multi-layer injection blowing (e.g.. co-injection k)lowing) and multi-layer direct tdowing; injection molding metiiods, such 
as sandwich molding and two-color injection molding; and stamping method. The multi-layer laminate thus produced 
can be used as it Is without being stretched, or it can be used after monoaxially stretched or biaxially oriented. In order 
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to Impart other functions, the multi-layer laminate may further be provided with a coat of vinylidene chloride or a film of 
other resin. 

5 

The multi-layer laminate of the invention Is excellent not oily in gas ban-ler properties such as oxygen barrier prop- 
erties, interlamlnar bond properties, moisture resistance, transparency, moderate flexibility, tearability, heat-sealing 
properties and dead fold properties but also in vacuum or pressure fbrmability, so that it exerts effects high enough as 
materials for packaging drugs, foods and cigarettes. Accordingly, the multi-layer laminate of the invention can be suita- 
10 biy used as a material of packaging sheets, packaging films or containers such as bottles. 

Examples of the objects to be packaged include drugs, foods, daily necessaries, general merchandise and other 
optional goods. Especially vvhen the multi-layer laminate of the inventi^^ _ . _ _ . 

capsule drugs, foods such as rice crackers, snack foods and cookies, and hygroscopic goods such as cigarettes and 
tea bags, the moisture resistance and transparency can be ensured. 
IS Examples of the applicable packaging materials include films of bags, packs. PTP (press through pad^ and blister 
packs, twist wrapping films, wrapping films, shrink films, easy peel films, medical containers such as eye-droppers, 
vials, transfusion packs and syringes, physiochemical containers such as petri dishes, test tubes arxl analytical ceils, 
and containers made up of multi-layer molded sheets such as cosmetic bottles, tetra packs and milk packs. 

The muttl-tayer laminate of the invention is particularly suitatjie as a packaging material such as PTP (press through 
20 pack) or blister pack. 

EFFECT OF THE INVENTION 

The multi-layer laminate of the invention comprises a layer of a specific cydodefin resin or a specific cydoolefin 
25 resin composition and a polymer layer having a low oxygen permeability, so that it is excellent not only in interlaminar 
bond properties, formability. moisture resistance, transparency, moderate flexibility, tearability. heat-sealing properties 
and dead fold properties but also in vacuum or pressure fbrmability. The polymer layer (B) of the multi-layer laminate of 
the invention has a low oxygen pemfieability. Therefore, use of sheets, films or packaging materials formed from the 
laminate of the invention makes it possible to favorably seal the objects packaged. The multi-layer laminate off the inven- 
30 tion is not lowered in the gas k>anier properties, and exhibits excellent gas t>arrier properties even when it is used in an 
atmosphere of high humidity That is, the multi-layer laminates shown in Comparative Examples 6 and 7 are markedly 
lowered in the moisture resistance when used in an atmosphere or high humidity, though they are not so bad in the 
moisture resistance and gas barrier properties as compared with the multi-layer laminate of the invention. On the other 
hand, the multi-layer laminate of the invention does not have such unfavorable tendency, and it is particulariy excellent 
35 In the moisture resistance and gas beurrier properties under the wet conditions. 

EXAMPLE 

The present invention will be further described with reference to the following examples, but it should be construed 
40 that the invention is in no way limited to those examples. 

Example 1 

As a cydoolefin resin composition, a random copolymer of ethylene (intrinsic viscosity M: 0.67 dl/g, softening tem- 
45 perature (TMA): 90 *»C) and tetracyclo[4.4.0.l2'^.1^'^^-3-dodecene (hereinafter sometimes refenred to as "ETCD") was 
melted in an extnider. The molten copolymer was fed to a composite inflation molding die at a resin tenperature of 210 
•C. 

Separately, an ethyleneMnyl aloohd copolymer (EVOH, trade name: Kuraray Eval EP-F. ethylene content: 32 % by 
mol. density: 1.19, oxygen permeability: 0.05 cc • mnVnf • 24hr • atm, available from Kuraray Co., Ud.) was melted in a 
so different extruder. The molten resin was fed to the die at a resin temperature of 21 0 'C. to prepare an Inflation film con- 
sisting of an ETCD layer as an inner layer and an ethylene/vinyl alcohol copdymer (EVOH) layer as an outer layer. 

In the inflation fflm, the ETCD layer had a thickness of 70 pm, and the ethyieneMnyl alcohd copdymer (EVOH) 
layer had a thickness of 30 |im. . 

The film was evaluated on the gas barrier properties, and the results are set forth in Hible 1 . 

55 

ComparaHve Example 1 

As a cydodefin resin composition, a random copolymer (ETCD) of ethylene (intrinsic viscosity [t|]: 0.67 dl/g, sof- 
tening temperature (TMA): 90 ^'C) and tetracyclo[4.4.0.1^'^.1^''*^-3-dodecene was melted in an extruder. The molten 
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copolymer was fed to a composite inflation molding die at a resin temperature of 210 ^'C. 

Separately, nylon-6 (trade name: Toray Amiran CM^01 1 , oxygen permeability: 1 .2 cc • mmAn^ • 24hr • atm, availa- 
ble from Toray Industries, Inc.) was melted in a different extruder. The molten resin was fed to the die at a resin temper- 
ature of 260 ""C, to prepare an inflation film consisting of an ETCD layer as an inner layer and a ny!on-6 layer as an outer 
layer. 

In the inflation film, the ETCD layer had a thickness of 70 fim. and the nylon-6 layer had a thickness of 30 |im. 
The film was evaluated on the gas barrier prq3erties, and the results are set forth in Table 1. 

Conparative Example 2 

An inflation film was prepared In the same manner as in Comparative Example 1 except that polyethylene tereph- 
thalate (PET. intrinsic viscosity: 1 .4 dl/g. oxygen permeability: 5.0 cc * mnVm^ • 24hr • atm) was used in place of nylon- 
6 and the molten resin was fed to the die at a resin temperature of 270 ^C. 

The film was evaluated on the gas barrier properties, and the results are set forth In IWe 1. 

Example 2 

An inflation film was prepared in the same manner as in Comparative Exanple 1 except that PVDC (vinylidene 
chloride content: 85 % by mol, oxygen permeability: 0.3 cc - mm/m^ • 24hr • atm] was used in place of nylons and the 
molten resin was fed to the die at a resin temperature of 200 

The film was evaluated on the gas barrier properties, and the results are set forth in Table 1 . 

Example 3 

An inflation film was prepared in the same manner as in Comparative Example 1 except that polyacrylonitriie (PAN, 
trade name: Balex, oxygen permeability: 0.7 cc • mm/m^ • 24hr • atm) was used in place of nylon-6 and the molten resin 
was fed to the die at a resin temperature of 21 0 **C. 

The film was evaluated on the gas barrier properties, and the results are set forth in Table 1 . 

Example 4 

As a cycloolef in resin composition, a random copolymer (ETCD-2) of ethylene (intrinsic viscosity 0.60 dl/g. sof- 
tening temperature (TMA): 150 ''C) and tetracyclo[4.4.0.1^'®.1^''^^-3-dodecene was melted in an extruder. The molten 
copolymer was fed to a composite inflation molding die at a resin tenrperature of 270 *'C. 

Separately, an etiiylene/vinyl alcohol copolymer (EVOH, trade name: Kuraray Eval EP-F. ethylene content: 32 % by 
mol, density: 1.19. oxygen permeability: 0.05 cc • mm/m^ • 24hr • atm, available from Kuraray Ca, Ltd.) was melted in a 
different extruder. The molten resin was fed to the die at a resin temperature of 230 ^'C, to prepare an inflation film c rv 
sisting of an ETCD-2 layer as an inner layer and an ethyleneAnnyl alcohol copolymer (EVOH) layer as an outer layer. 

In the inflation film, the ETCD layer had a thickness of 70 iim, and the ett^eneA/inyl alcohol copolymer (EVOH) 
layer had a thickness of 30 ^m. 

The film was evaluated on the gas barrier properties, and the results are set forth in Tatsle 2. 

Comparative E^mple 9 

An inflation film was prepared in the same manner as in Comparative Example 1 except that polyethylene (MFR: 
5.2 g/10 mln (1 90 ^'C, 2.16 1^), density: 0.968, oxygen p^meabllity: 85 cc - mm^i^ • 24hr • atm) was used in place of 
nylon-6 and the molten resin was fed to ttie die at a resin temperature of 210 ""C. 

The film was evaluated on the gas barrier properties, and the results are set forth in 1Mb 1 . 

Comparative Example 4 

An inflation film was prepared in the same manner as in Comparative Example 1 except ttiat polypropylene (MFR: 
7.0 g/10 min (230 ''C, 2.16 kg), melting point: 143 ''C. oxygen permeability: 80 oc«mnVm^*24hr*atm) was used In 
place of nylon-6 and the molten resin was fed to the die at a resin temperature of 21 0 ^'C. 

The film was evaluated on tine gas ban'ier prqderties. and the results are set forth in Table 1 . 

Qprnparative Example 5 

An inflation film having a thnckness of 100 jim was prepared by the use of ETCD alone. 
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The film was evaluated on the gas barrier properties, and the results are set forth in Table 1 . 
Comparative Example 6 

5 An inflation film was prepared in the same manner as in Example 1 except that polypropylene (MFR: 7.0 g/10 min 
(230 **C, 2.1 6 kg), Tm: 1 43 ^'C, oxygen pemieabllity: 80 cc • mmfrrfi • 24hr • atm) was used in place of ETCD. 
The film ms evaluated on the gas barrier properties, and the results are set torth in Table 2. 

Comparative Example 7 

An inflation film was prepar^i in the same manner as in Example 1 except that polyethylene (MFR: 5.2 g/10 min 
(190 ^'C, 2.16 kg), density: 0.968. oxygen permeability: 85 cc • mm/ri^ • 24hr • atm) was used in place of ETCD. 
The film was evaluated on the gas barrier properties, and the results are set forth In l^e 2. 

IS cpmparatiye Example 8 

An inflation fUm having a thickness of 100 ^m was prepared by the use of EVOH alone. The fHm was evaluated on 
the gas barrier properties, and the results are set Ibrth In Table 1 . 

As is obvious from the comparteon between Comparative Examples 6, 7 and Example 1. the laminated film con- 
20 sisting of the ETCD layer and tiie EVOH layer has botii of the gas banrier properties inherent in EVOH and the moisture 
resistance inherent In ETCD. 

Comparative Example 9 

25 Molding was carried out In the same manner as In Exanrple 4 except ttiat a hydrogenation product (ring opening 
polymer A) of an ethylene/tetracyclododecene ring opening polymer having an intrinsic viscosity M of 0.06 dl/g and a 
softening temperature of 150 ^'C was used as a cycloolefin resia 

The gas barrier properties of ttie film obtained are set fbrtti in Table 2. 
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Table 1 
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Exi 


Comp. 
Ex.1 


Conrp. 
Ex.2 


Ex.2 


Ex.3 


Comp. 
Ex.3 


Comp. 
Ex4 


Comp. Ex.5 




Layer 
structure 


ETCD 
/EVOH 


ETCD 
/NY6 


ETCD 
/PET 


ETCD 
/PVDC 


ETCD 
/PAN 


ETCD /PE 


ETCD /PP 


ETCD 


10 


Thickness 
of each 
layer (um) 


70/30 


70/30 


70/30 


70/30 


70/30 


70/30 


70/30 




IS 


Moisture 
permeabil- 
ity *1) 


0.12 


0.13 


0.13 


0.11 


0.13 


0.12 


0.12 


0.09 




Oxygen 
permeabil- 
ity of layer 
A layer B 
*2) 


0.17 


35 


11 


0.97 


0.94 


32 


31 


25 


25 


Carton 
dioxide 
gas perme- 
ability •S) 


0.50 


14 


32 


7.6 


3.2 


79 


79 


60 


Oxygen 
permeabil- 
ity of layer 
B alone *2) 


0.05 


1.2 


5.0 


0.3 


0.7 


85 


80 


(25) 



Remarks: 

*1) g • mnri/m^ • 24hr 

*2) cc(STP) • mm • 24hr • atm 

*SI PP J^FR = 7.0 g/1 0 min, Tm = 1 43*C. 

O2 permeability » 80oc(STP) • mm/nfi • 24hr • atm 
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Ex.1 


Ex4 


Comp. Ex.6 


Comp. Ex7 


Comp. Ex.8 


Comp. Ex.9 


Comp. Ex.5 


5 


iflvftf struc- 
ture 


ETCD 
/EVOH 


ETCD-2 
/EVOH 


PP*3) 
/EVOH 


PE*4) 
/EVOH 


EVOH single 
layer 


Ring open- 
ing polymer 
A 


ETCD single 
layer 


10 


Thickness of 
each layer 
(jim) 


70/30 


70/30 


70/30 


70/30 


100 


70/30 


100 


IS 


Moisture 

perme€dt)ility 

*1) 


0.12 


0.12 


0.37 


0.26 


0.75 


0.30 


0.09 


Oxygen per- 
meability of 
layer A -t- 
layer B *2) 


0.17 


0.17 


0.17 


0.17 


0.17 


0.17 


25 


20 


Carbon diox- 
ide gas per- 
meability '*2) 


0.50 


0.05 


0.53 


0.53 


0.16 


0.15 


60 



Remarks: 

*1) g • mm/hfi^ • 24hr 

*2) cc(STP) • mm/ifn* • a4hr • atm 

•3) PPiMFR o 7.0 g/10 rnin. Tm » 143*0. 

O2 permeability o 80cc(STP) • mm/m^ • 24hr • atm 

*4) PE:MFR = 5.2 g/IOmin. (190*»C. 2.16kg) 

Density » 0.968, 

O2 permeability 85cc(STP) • mm/m^ • 24hr • atm 



35 Ciainns 

1 . A multi-layer laminate comprising: 

W a layer fornied from at least one cydooief in resin selected from the group consisting of 

40 

(a-l) an ethylene/cyclooleftn random copolymer comprising a cydoolefin represented by the toDowing for- 
mula [1] or p] and ethylene and 

(a-2) a graft modified product of a hydrogenation product (a-2) of the ethylene/cydoolefln random oopdy- 
mer (a-1), or 

46 

a layer formed from a cydoolefin resin composition conprising at least one cydoolefin resin selected 
from the group consisting of the ethylene/cydoolefin random copolymer (a-1) and the graft modified product 
(a-2) and (b) a potyolefin. 

and 

so (B) a polymer layer having an oxygen permeability, as measured at a temperature C3f 23 "C and RH of 0 %, of 

notmorethan 10cc(STP)«mnVhi^-24hr»atm, 

said multi-layer laminate having a moisture permeability of not more than 0.2 g • mm/m^ • 24hr • atm and an oxygen 
permeability of not more than 5 cc(STP) • mm/rrf • 24hr • atm; 

55 
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wherein n is 0 or 1 ; m is 0 or a positive integer; q is 0 or 1 ; to R^^, R^ and R^ are each independently an atom 
or a group selected from the group consisting of a hydrogen atom, a halogen atom and a hydrocarbon group; R**^ 
to R**® may be bonded to each other to form a single ring or plural rings each of which may have a double bond; 
R^^ and R^^, or R**^ and may form an alkylidene group; and when q is 0, the bonding hands are bonded to each 
20 other to form a five-membered ring; 

R2« R» 
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wherein m is 0 or a positive integer; h is 0 or a positive integer; j and k are each 0. 1 or 2; R^ to R^^ and R'^^ to 
are each independently an atom or a group selected from the group consisting of a hydrogen atom, a halogen atom 
and a hydrocarbon group; and R''^ to R^^ are each independently an atom or a group selected from the group con- 
45 sisting of a hydrogen atom, a halogen atom, a hydrocarbon group and an alkoxy group. 

2. The multi-layer laminate as claimed in claim 1 , wherein the oxygen permeability of the multi-layer laminate is not 
more than 1 cc(STP) • rnnriAn^ • 24hr • atnt 

so 3. The mufti-layer laminate as claimed In daim 1 , wherein the oxygen permeability of the muHi-layer laminate ie not 
more than 0.5 oo(STP) • mmAm^ • 24hr • aim. 

4. The polyoiefin multi-layer laminate as claimed in daim 1, wherein the cydoolefin random copolymer (a-1) and its 
graft modified product (a-2) have an Intrinsic viscosi^ [t]], as measured at 1 35 *C, of 0.01 to 1 0 cS/g and a softening 

65 temperature (TMA) of not lower than 50 *C. 

5. The multi-layer laminate as claimed in claim 1 . wherein the polymer Is^er (B) is formed from an ethylene/vinyl alco- 
hol copolymer. 
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6. The multi-layer laminate as claimed in claim 1. wherein the cycloolefin resin is the ethylene/cydoolefin random 
copolymer (a-1). 

7. A container or a packaging material comprising the multi-layer iantinate as claimed in any one of claims 1 to 6. 

5 

8. The container or the packaging material as claimed in daim 7, wherein the packaging material Is a press^through 
pack or a blister pack. 

9. The container or the packaging material as claimed in claim 7, wherein the packaging material is a packaging mate- 
to rial fbr foods. 

107 A sheefor a film donprising the muKi-iayer laminate as daim^ 
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